The extent and timing of Late Quaternary glaciation throughout Tibet has been greatly debated during the last few decades (Derbyshire et al. 1991; Rutter 1995; Lehmkuhl et al. 1998) . This is partly because of the inaccessibility of the region, but also because of the misinterpretation of glacial and non-glacial landforms and sediments that has resulted in different reconstructions of the extent of former glaciers. The contention is further exacerbated by the lack of numerical dating to define the ages of landforms and to make regional correlations. The lack of numerical dating is most apparent for the Pleistocene, because organic matter needed for standard radiocarbon dating is generally preserved only in Holocene sediments in Tibet (Lehmkuhl 1997) . Where numerical dating has been undertaken, there has been little attempt to test the chronologies by applying new methodologies and newly developing dating techniques.
The study of the Quaternary glaciation of Tibet is important for modeling the effects of environmental changes on the regional climate and hydrology of the Tibetan Plateau (Hahn & Suhukla 1976; Dey & Bhanu Khumar 1982; Dickson 1984; Bush 2000 ). Yet, despite this, studies designed to reassess the glacial geologic data and to refine chronologies are rare. The Lenglong Ling Mountains in the southwestern Qilian Shan (Shan = Mountains; Fig. 1 ) is one of the few areas where numerical dating has been undertaken to establish a set of ages to underpin glacial chronologies Shi 1992; Guo & Chen 1994; Zhou et al. 2002) . This area is frequently referenced, having been used to define the timing of glacial events in other parts of Tibet Rose et al. 1998; Zhou et al. 2002) using morphostratigraphy and relative weathering techniques. To test and refine the chronologies in this region we have re-assessed the established glacial chronologies and applied cosmogenic radionuclide (CRN) surface exposure and optically stimulated luminescence (OSL) dating to define the ages of moraines.
Methods

Field methods and sampling for numerical dating
Sites appropriate for CRN and OSL dating were identified in the Laolongwan and Gangshiga Valleys with the aid of maps and descriptions from Rose et al. (1998) . We also examined the Laotugou valley and produced a reconnaissance map using standard field mapping and morphostratigraphic techniques. Several sets of moraines were differentiated within each valley (Fig. 2) .
Rock samples were collected for CRN dating from the surfaces of quartz-rich boulders along moraine crests at locations where there was no apparent evidence of exhumation or slope instability (Fig. 3) . Approxi-mately l kg of rock was collected by chiseling off a 1-2 cm thick layer of rock from a horizontal upper surface of the boulder. The area that was sampled was generally large (>2500 cm 3 ) and areas showing signs of weathering, for example having weathering pits and depressions, were avoided. This helped to ensure that the samples had representative CRN concentration. Where possible, several boulders were sampled from each moraine ridge to provide a check on the reproducibility of the dating and to check for the possibility of inheritance of CRNs. Photographs and full notes were taken to record the boulder relief (ratio of height to maximum visible horizontal axis), degree of weathering and the site conditions for each boulder (Table 1) . The inclination from the boulder site to the top of the surrounding mountain ridges and peaks was measured to determine the topographic shielding.
A sediment sample was collected for OSL dating from a naturally exposed pebbly silt deposit that capped a latero-frontal moraine in the Laotugou valley (Fig. 4) . The OSL sample was obtained by hammering an opaque plastic tube into the sediment section. Once removed, the tube was sealed in plastic and stored in a light-tight bag. A subsample was collected to provide material to cross-check OSL sample moisture content and for neutron activation analysis (NAA). The site conditions were recorded and graphic sedimentary logs were constructed. 
CRN dating
For CRN dating, the samples were crushed and sieved. Quartz was separated from the 250-500 mm size fraction using the method of Kohl & Nishiizumi (1992) . After the addition of Be carrier and, where necessary, Al carrier, Be and Al were separated and purified by ion exchange chromatography and precipitation at pH >7. The hydroxides were oxidized by ignition in quartz crucibles. BeO 26 Al standards prepared by K. Nishiizumi (pers. comm. 1995) . Stable aluminum concentrations were determined by ICP-ES on aliquots of the dissolved quartz.
The measured isotope ratios were converted to radionuclide concentrations in quartz using the total Be and Al in the samples and the sample weights. Radionuclide concentrations were then converted to zero-erosion exposure ages using a sea level high latitude (SLHL) 10 Be production rate of 5.2 at/gquartz/y and a 26 Al/ 10 Be production ratio of 6.0 (Nishiizummi et al. 1989) . The Be production rate used is based on a number of independent measurements, as discussed by Owen et al. (2001 Owen et al. ( , 2002a . Production rates were scaled to the latitude and elevation of the Qilian Shan sampling sites using the star scaling factors of Lal & Peters (1967) and Lal (1991) and an assumed 3% SLHL muon contribution, and were further corrected for changes in the geomagnetic field over time. Details of the calculation are given in Owen et al. (2001 Owen et al. ( , 2002a .
OSL dating
Preparation and measurement procedures were carried out under laboratory safelight conditions to avoid bleaching the luminescence. About 2-3 cm of sediment, which may have been exposed to daylight during sampling, was removed from the ends of the tube before the sample was carefully extracted. An estimate of the in situ water content (mass of moisture/dry mass; Aitken 1998) was obtained by drying in a 50°C oven until the weight stabilized; this measurement was also made on the subsample. Quartz grains (90-125 mm diameter) were then extracted from the sediment remaining in the tube using the following methods: dry and wet sieving, removal of carbonates with HCl, removal of organic matter with H 2 O 2 , and separation of quartz and plagioclase minerals from heavy (>2.74 gÁcm
À3
) and lighter (<2.62 gÁcm À3 ) minerals Fig. 3 . Typical boulders sampled for CRN dating. A. Boulder slightly offset from the crest of a latero-frontal moraine in the Gangshiga valley. This boulder may have toppled to this position some time after its deposition. Given its large size and present stable position, however, it was considered a candidate for sampling because it would likely have toppled to the position very shortly after deposition. B. A boulder on the crest of a lateral moraine in the Laolongwan Valley. This boulder has a moderate boulder relief and is buried deeply enough to be considered stable; it is therefore an example of a good candidate for CRN dating. §Boulder relief measured as maximum observed horizontal diameter and maximum height above the ground, e.g. 20/70 = 20 cm high and 70 cm maximum horizontal diameter.
*The topographic and depth shielding factor was determined using the methods of Nishiizumi et al. (1989) . †Uncertainty includes only uncertainty in AMS measurement.
Corrected for time varying geomagnetic field as described in text. The uncertainty is carried over from that in the average exposure age.
No additional uncertainty was assigned arising from correction for geomagnetic field change. **Weighted average of 10Be and 26Al corrected ages. The uncertainty is the larger of the propagated uncertainty and the standard deviation of the two ages. § §Notes describing possible problems due to weathering, exhumation and toppling for individual boulders. a -may have been recently exhumed; b -corners weathered round and may have been recently exhumed; c -boulder split in two and evidence of exfoliation; d -just of crest of moraine and may have toppled; e -boulder cracked, but little evidence of weathering.
by centrifuging in sodium polytungstate solutions of different densities and finally dissolving plagioclase with a 49% HF etch for 1 h. The quartz grains were mounted on stainless steel discs ($10 mm in diameter and thickness of $0.25 mm) coated with a layer of silicon spray. About 20 g of the dried subsample was ground to a fine powder and sent to the Becquerel Laboratories at Lucas Heights in Australia for NAA. Using appropriate dose-rate conversion factors (Adamiec & Aitken 1998) and beta attenuation factors (see Table 2 , note d), the elemental concentrations were converted into external beta and gamma components, which were in turn attenuated for moisture content. These were summed together with a cosmic ray component (estimated using Prescott & Hutton 1994) to give estimates of the total dose-rate for each sample.
Luminescence measurements were undertaken using a Daybreak 1100 automated system with an 1100FO/L combined fiber-optic/IRLED illuminator for optical stimulation (Bortolot 1997) . Luminescence from the quartz grains was stimulated using a 150 W halogen lamp producing green light (514D34 nm; $20 mWcm À2 ) defined by a basic excitation filter stack and an additional narrow band interference filter (Bortolot 1997) . The quartz discs were screened for feldspar contamination using infrared stimulation from T-1 GaAlAs diodes (880D80 nm; diode current 20 mA). All OSL signals were detected with a photomultiplier tube characterized by 9 mm Schott UG11 ultraviolet detection filters. Daybreak TLApplic 4.26 software was used for hardware control and equivalent dose (D e ) analysis.
D e measurements were determined using the singlealiquot regenerative-dose (SAR) protocol developed by Murray & Wintle (2000) . In the SAR method, each natural or regenerated OSL signal is corrected for changes in sensitivity using the OSL response to a subsequent test dose. The natural dose (N) was measured in the first cycle, and thereafter five regeneration doses (R 1 to R 5 ) were administered. The first three were used to bracket the natural luminescence level (R 1 < N $ R 2 < R 3 ); the fourth (R 4 ) was set at zero to monitor recuperation (i.e. R 4 /N); and the fifth dose was made equal to the first to monitor reproducibility of the sensitivity correction (i.e. R 5 /R 1 ). Each measurement cycle comprised a regeneration dose (zero for natural), a preheat of 200°C for 10 s, optical stimulation for 100 s (sample temperature of 125°C), a constant test-dose, a test-preheat cut after a linear temperature ramp to 160°C and a final optical stimulation for 100 s (at 125°C). The net-natural and net-regenerated OSL were derived by integrating the OSL signal over the first 0-1 s, and subtracting a background integral from the final 90-100 s of stimulation; the net-test-dose response was derived by subtracting the background from the preceding natural and regenerative OSL signals.
Multiple D e estimates were carried out on the sample. Growth curves were plotted using the net-regenerated data divided by the subsequent response to the net-testdose. The growth curve data were fitted with a single saturating exponential function and the D e was estimated by interpolation with the net-natural sensitivitycorrected luminescence level. Two rejection criteria were utilized; if recuperation was >5% of the natural level and if the recycling ratio between repeat regenerative levels was >10%. If a disc failed to meet these criteria the result was discarded and a new disc measured. The distribution in D e results was analyzed using a histogram plot.
Regional setting and glacial chronology
The Qilian Shan is at the northeastern margin of the Tibetan Plateau and is believed to have uplifted along thrusts within a horsetail splay at the westernmost end of the Altyn Tagh Fault (Tapponnier et al. 1990) . The peaks of the Lenglong Ling Mountains are around 4800 m a.s.l., the highest reaching 5255 m a.s.l. The contemporary snowline elevation is between 4400 and 4600 m a.s.l., and alpine permafrost exists throughout the range (Shi 1988; Rose et al. 1998) . The mean annual temperature and precipitation at Menyuan is 0.6°C and 520 mm, respectively (Rose et al. 1998) . Nearly all the precipitation falls as snow and 84% of this occurs Estimated fractional water content from whole sediment (Aitken 1998) . Uncertainty taken as AE5%. c Estimated contribution to dose-rate from cosmic rays. Uncertainty taken as AE10%.
d
Total dose-rate from beta, gamma and cosmic components. Beta attenuation factors for U, Th and K compositions calculated using Grün's (1991) 'Age' program incorporating grain size factors from Mejdahl (1979) . Beta attenuation factor for Rb arbitrarily taken as 0.75 (cf. Adamiec & Aitken 1998) . Factors utilized to convert elemental concentrations to beta and gamma dose-rates from Adamiec & Aitken (1998) and beta and gamma components attenuated for moisture content. e Mean D e . Errors are 1-sigma standard errors (i.e., nÀ1 /n 1/2 ) incorporating error from beta source ($AE5%).
during the summer months (May-September; Rose et al. 1998) . The main rock types are sandstones, conglomerates, shales, schists, phyllites, slates and agglomerates. The glacial geology of this region was described by , Shi (1992) , Kang (1992) , Guo & Chen (1994) , and Rose et al. (1998) . On the basis of radiocarbon dating in the Gangshiga valley Kang 1992; Guo et al. 1995) , terrace stratigraphy in the Laolongwan valley (Guo & Chen 1994; Guo et al. 1995) and Schmidt Hammer readings at high elevations (Rose et al. 1998) , the glacial landforms are believed to have formed during and since the Last Glacial Maximum (LGM). Zhou et al. (2002) presented radiocarbon, electron spin resonance (ESR) and thermoluminescence (TL) dates to constrain the timing of glaciation along the northern side of the range. They showed that glacial advances occurred during MIS 12, MIS 6, MISs 2-4, the Neoglacial and the Little Ice Age. They also referenced ESR, and radiocarbon dates on tills in the Gangshiga valley showed that a maximum advance may have occurred during the early part of the last glacial cycle (during MISs 2-4). However, they provided no details either on the methods used or on the exact sampling locations.
Laolongwan valley
The glacial landforms in the Laolongwan valley are described in detail in Rose et al. (1998) . An impressive moraine complex exists beyond the mountain front comprising latero-frontal moraines that traverse the valley and hummocky moraines enclosing kettle holes at an altitude of $3200-3400 m a.s.l. (Fig. 5) . Outwash Rose et al. 1998) showing the sites where samples were collected for CRN and OSL dating. fans and terraces exist beyond these terminal moraines. These terraces and fans, and some of the moraine ridges, are capped with pebbly and sandy silt that in places has been reworked by slope processes. Sampling for CRN dating concentrated on the moraine ridges within the terminal moraine complex.
Laotugou valley
The glacial geology of this valley has not been described previously. We identified a dissected lateroterminal moraine at an altitude of $3270 m a.s.l. that traverses the valley within the mountain range (Figs 6, 7) . This moraine ridge is covered with a discontinuous 1 m thick deposit of pebbly silt and thick turf. Although surface boulders are sparse, sufficient boulders were sampled (Q18, Q19 and Q20) to ensure reliable CRN dating from the crest of the southernmost part of the latero-frontal moraine. A sample for OSL dating was collected from the pebbly silt deposit. There is no geomorphic evidence to suggest that ice advanced beyond the mountain front in this valley. However, a massive matrix-supported diamict containing bulletshaped, edge rounded pebbles and cobbles, overlain by a >2 m thick deposit of imbricated cobbles and pebbles is present $2-2.5 km down-valley from the laterofrontal moraine (37°30.32'N/101°34.88'E). This deposit may be till deposited during an earlier advance and then subsequently overlain by glaciofluvial outwash. However, it was not possible to date it. Rose et al. (1998) also described the glacial geology of this valley in great detail. Like the Laolongwan valley, impressive latero-frontal moraines are also present emerging from the mountain front at an altitude of 3300-3400 m a.s.l. (Fig. 8) . A second set of laterofrontal moraines is present within 1-2 km of the contemporary glaciers at $4200 m a.s.l. Both sets of moraines were sampled for CRN dating (Fig. 8) .
Gangshiga valley
Dating results
The boulders that were dated using CRN methods on the Rose et al. 1998) showing the sites where samples were collected for CRN and OSL dating. BOREAS 32 (2003) latero-frontal moraines marking the maximum extent of ice in all three valleys range in age from the latter part of the LGM to the early Holocene (Fig. 9 ). There is a considerable degree of variance in ages on boulders that were dated from the same moraine ridge. CRN dates on boulders (Q12, Q13 and Q14) from the outermost moraine ridge in the Gangshiga Valley, for example, have ages of $8 ka, $20 ka and 16 ka. Similarly in the Laotugou Valley, boulders Q18, Q19 and Q20 from the same moraine complex have ages of $20 ka, $7 ka and 13 ka, respectively. The most consistent set of data is from a lateral moraine in the Laolongwan valley. Here boulders Q15, Q16 and Q17 all have ages of $16-18 ka, providing confidence that the moraine formed $16 000-18 000 years ago. However, a moraine $1 km down-valley from the 16 000-18 000 year old moraine, and clearly morphostratigraphically older, has CRN ages from boulders Q1, Q2 and Q3 of $16 ka, $10 ka and $10 ka, respectively.
The younger ages on the morphostratigraphically older moraine and the wide range of ages within sets of boulders collected from individual moraines throughout the region indicate that one or more of the fundamental assumptions used in obtaining ages is not valid at this field site. Cosmic radionuclide surface exposure ages usually assume no burial and no erosion. The maximum production of CRNs occurs in the top 5 cm of a rock surface and diminishes exponentially with depth. Our derived ages are based on the assumption of no shielding. If a boulder was initially buried, or shielded, by more than 10 cm within a moraine it would produce an apparent age that is markedly less than the true age of the moraine. This may explain the young CRN surface exposure ages for samples Q2, Q3 and Q19. All these have low boulder relief (Table 1) and may have been exhumed a significant time after they were deposited.
Alternatively, a fresh surface can be exposed to cosmic rays through disturbance or toppling of unstable boulders. This process is inherently stochastic and would produce seemingly random young ages. This may be the case for sample Q12, which has a very young age and is offset from the crest of the moraine. Deep weathering and exfoliation would also produce young apparent ages. All these factors, and others not detailed here, result in scatter and accordingly these are taken as minimum ages. Alternatively, older ages can be produced if boulders inherit CRNs from prior exposure. All these processes are stochastic and hence in an environment where weathering and erosional processes are dynamic it is likely that boulders on moraines will have very different histories and hence different ages. Collecting multiple boulders from individual moraine ridges and from morphostratigraphically similar moraines in adjacent valleys may make it possible to determine the age of landforms if the ages cluster. We believe that in the Qilian Shan two main factors dominate potential variability in boulder ages. These are, first, severe weathering and, second, shielding due to the development of a thick organic turf and sporadic deposits of loess. We were particularly careful to sample only from boulders that did not show evidence of significant weathering or did not appear to have been recently exhumed from beneath the thick turf. However, both these processes may explain the younger ages.
The large spread of CRN ages on individual moraines and for morphostratigraphically similar moraines is not unusual in CRN surface exposure dating studies. Few studies provide large data sets of CRN surface exposures ages for moraines, but where a large data set has been produced the range of CRN surface exposure ages on an individual moraine and/or on morphostratigraphically similar moraines can be considerable. Some of the best data sets are provided by Gosse et al. (1995a, b) for the Wind River Mountains of Wyoming. The moraines that they dated are similar in age to the moraines in the Qilian Shan and therefore the Wind River Mountain data provide a good comparison. The spread of CRN surface exposure ages on individual moraines in the Wind River Mountains is similar to that for the Qilian Shan. For example, Gosse et al. (1995a) 10 Be CRN ages on terminal moraine boulders at Fremont Lake, which formed during the Last Pinedale Glacial, range in age from 14.4 to 21.7 ka (16 dates). Gosse et al. (1995b) also measured 10 10 Be exposure ages on the Titcomb Lake moraine. The age range was less varied, but still significant, varying from $10.4 to $14.6 ka. The moraine was bracketed by CRN dates on younger and older landforms within and beyond the glacial limit, respectively. Given this and the clustering of ages around 13 ka, Gosse et al. (1995) were able to confidently assign the moraine to the Younger Dryas Stade.
Similarly, the work by Phillips et al. (1996) on the Late Pleistocene glacial chronologies in the Sierra Nevada illustrates the large spread of CRN surface exposure ages that are produced for individual moraines. In this study, CRN 36 Cl was used to date a succession of moraines in several valleys. The data for moraines that formed during the Tioga 3 Glacial provide another good comparison with our Qilian Shan data. Their CRN surface exposure ages for boulders on moraines in the Bishop Creek, Chiatovich Creek, Little McGee Creek and Bloody Canyon ranged from 6.9 ka to 29.7 ka (20 dates), 2.3 ka to 22.5 ka (21 dates), 11.7 ka to 39.3 ka (13 dates) and 4.3 ka to 19.8 ka (9 dates), respectively. Nevertheless, the clustering of ages and the bracketing by CRN dated younger and older moraines provided confidence that the age of Tioga 3 was $15-17 ka. Briner et al. (2002) provide another example of the large spread of CRN ages on morphostratigraphically similar moraines. Using 10 Be and 26 Al CRNs, they dated 11 boulders on Lateglacial moraines in the Ahklun Mountains, southwestern Alaska. The CRN surface exposure ages ranged from 9.4 ka to 16.2 ka. On the basis of the clustering of dates around 9.4 ka and 11.7 ka, and radiocarbon dating, they suggested that the CRN surface exposure ages provided a minimum age on the moraine assigning it to the Younger Dryas Stade.
The spread of CRN ages on an individual moraine is also illustrated by Schäfer et al. (2001) in Litang County of SE Tibet. They provide CRN surface exposure dates for five boulders on one moraine that ranged in age from 13.3 to 17.9 ka. Furthermore, in the Himalaya, Phillips et al. (2000) presented 10 CRN dates from morphostratigraphically similar, yet distantly spaced, moraines (2-3 boulders per moraine) that had a spread of 10 Be CRN surface exposure ages of 4.1 ka to 19.2 ka. They suggested that the dates clustered around 8 ka and attributed the moraines to an early to middle Holocene glacial advance that might correlate with the global temperature decrease at $8.5 ka which resulted from the catastrophic drainage of the Laurentide lakes into the North Atlantic at 8.47 ka. Such correlations are obviously tentative, but in an area where no numerical dating has previously been undertaken they provide a first-order understanding of the glacial history that can be tested and/or refined in future studies.
From this and the above studies it is clear that moraines have a complex history that may include processes of erosion, mass movement, deposition and sourcing of boulders from different settings. This produces a wide range of CRN surface exposure ages for boulders on an individual moraine. Nevertheless, dating large numbers of boulders on individual moraines allows an assessment of the reliability of the dating and helps illustrate the dynamics of surface processes that affect glacial landforms.
The result for the single OSL sample (T6) extracted from the pebbly, silty deposit exposed in the lateroterminal moraine in the Laotugou valley is given in Table 2 . Replicated single aliquot measurements demonstrate a tight distribution of D e values; the mean D e value being 42.42 Gy with a standard deviation of 1.18 Gy. The adjusted standard error, after incorporating uncertainty in beta source calibration, is AE2.17 Gy or AE5%, indicating that the D e is highly reproducible. Indeed, the error is dominated by the uncertainty in laboratory beta source dose-rate. The high reproducibility in D e values suggests that the loessic colluvium was sufficiently bleached by solar exposure prior to deposition on the moraine, giving us considerable confidence that the OSL age is accurate. The OSL date for the loessic colluvium sediment T6 capping the latero-terminal moraine in the Laotugou valley is 11.8 AE 1.0 ka.
Discussion
On the basis of those CRN dates that do indicate clustering of ages, we conclude that the moraines along the southwestern slopes of the Qilian Shan formed during a period encompassing the latter part of the LGM to the Early Holocene. The CRN dates suggest that glaciers were advancing and filling the tributary valleys and flowing on to the forelands at $12-20 ka. On the basis of the lacustrine record in the Qaidam Basin, Hövermann & Süssenberger (1986) demonstrated the likelihood that a Late Glacial advance occurred south of the Qaidam Basin around 15 ka. In addition, Schäfer et al. (2001) showed that glaciers advanced at $13-24 ka in Litang County in SE Tibet. Furthermore, Owen et al. (2002c) showed that glaciers in the La Ji Mountains, $150 km SSW of the Qilian Shan, were probably advancing at $15 ka. It is reasonable therefore to suggest that moraines dated in the Qilian Shan (this study) formed during the latter part of the LGM and may be broadly coincident with Heinrich Event 1 (H1) at 14.3 14 C ka BP. The lack of resolution in our data for BOREAS 32 (2003) this region, however, requires that this correlation be labeled as suggestive, but not proven. Recent work indicates that glaciers and ice sheets in other regions of the world maintained their maximum extent until $H1, after which they underwent significant retreat (Licciardi et al. 2001; Dyke et al. 2002; Clague & James 2002) . Likewise, glaciers in other parts of Tibet and the Himalaya probably advanced and/or were maintained after the LGM until $15 ka (Owen et al. 2001 (Owen et al. , 2002a . The OSL date of 11.8 AE 1.0 ka validates the CRN dates suggesting that glaciers had retreated significantly by the Younger Dryas Stade. Furthermore, the OSL date shows that loessic silts, making up a discontinuous $1 m thick deposit, were forming during, or shortly after, the Younger Dryas Stade, a situation that probably continues to this day.
Our data broadly agree with the relative dating work of , Shi (1992) , Guo & Chen (1994) and Rose et al. (1998) . Our conclusion that glaciers probably existed at their terminal positions until the Lateglacial, however, contrasts with Zhou et al.'s (2002) interpretation of the earlier radiocarbon dating and their electron spin resonance (ESR) dating, which they suggest shows that the tills within the Gangshiga valley may have formed earlier in the last glacial cycle (during MISs 2-4). The difference in the dating results and interpretation might be explained if the ESR and radiocarbon dates are dating tills that were originally deposited early in the last glacial cycle and were reworked by a later glacial advance to produce the landforms and boulders that we dated in our study. In this scenario the sediment may not have been adequately reset for ESR dating and organic material may have been derived. This would produce older dates than the true age of the landforms. Alternatively, the sediments that were dated by ESR methods might not have been adequately reset during their initial deposition. This would produce older ages and therefore the tills could have conceivably been deposited during the LGM and/or Lateglacial. Furthermore, care must be taken when evaluating the radiocarbon ages because the dating was undertaken on bulk samples using conventional radiocarbon methods and it is difficult to adequately evaluate whether there is the problem of incorporating different ages and sources of carbon. Furthermore, the absence of any CRN dates older than 20 ka suggests that the ESR and radiocarbon methods are not recording the true age of the moraines that now form the prominent landforms in the valleys that we examined.
Constraining the timing of glaciation in this region is helpful in testing the synchroneity of glaciation across the Himalayan-Tibetan region. The new data set that is being produced suggests that glaciers throughout the Himalayan-Tibetan region were in a state of advance until at least 15 ka, albeit restricted in extent (Owen et al. 2001 (Owen et al. , 2002a . As more data become available throughout Central Asia, it may be possible to elucidate the relative roles of the south Asian summer monsoon and the mid-latitude westerlies in the glaciation of high Asia (cf. Benn & Owen 1998 ).
Conclusions
Our CRN dates show that glaciers extended 5 to 10 km beyond their present positions during the global LGM and probably maintained their maximum extent until the Lateglacial. An OSL date of 11.8 AE 1.0 ka on silts that cap a latero-frontal moraine show that ice had retreated significantly by the end of the Pleistocene and that loess was beginning to form in this region in response to the changing climate during and after the Younger Dryas Stade. These data support the view that glaciers throughout Tibet and the Himalaya were probably maintained at or near their maximum LGM limit into the Lateglacial. This study also highlights the need for undertaking extensive programs of CRN numerical dating, which includes a large number of dates (several moraines of the same age with )3 CRN surface exposure dates per moraine), to provide confidence in the reliability of the dating technique for defining the age of moraines in high mountain environments.
